The chemical composition, antifungal, antioxidant and cytotoxic activities of the essential oils (EOs) of mint (Mentha suaveolens), thyme (Coridothymus capitatus), oregano (Origanum hirtum) and rosemary (Rosmarinus officinalis) were investigated. The antifungal properties of the EOs were investigated against four species of Candida by a microdilution method. Cytotoxicity was tested on human keratinocyte (HaCaT) and lung cancer (A549) cell lines using the MTT test. DPPH· and ABTS·+ spectrophotometric assays and DPPH·-ABTS·+(HP)TLC-bioautographic assays were used to evaluate the antioxidant activity. The main compounds of thyme and oregano EOs were carvacrol and thymol, respectively; piperitenone oxide and γ-terpinene were the most abundant compounds of mint and rosemary EOs, respectively. All EOs showed activity against all Candida species in a range between 760 ± 290 to 3120 ± 0.0 µg/mL. Among the EOs, that of M. suaveolens showed a stronger cytotoxic activity on HaCaT cells. Thyme, oregano and rosemary EOs exhibited important antioxidant activities by ABTS ·+ assay compared with trolox.
Infections caused by Candida species have increased significantly in the past 30 years and have become a significant cause of morbidity and mortality, particularly among immunologically compromised patients or patients undergoing prolonged treatment with broad-spectrum antibiotics. Although C. albicans (CA) is the most commonly isolated species, there has also been a significant increase in the frequency of non-CA species, such as C. parapsilosis, C. tropicalis (CT) and C. glabrata (CG). There is emerging evidence from different parts of the world of increasing resistance of CA and non-CA species to antifungal agents such as triazoles and echinocandines used in medicinal practice [1a-c] . To resolve this emergence, alternatives to conventional antimicrobial therapy are needed. Aromatic and medicinal plants produce a wide variety of volatile aliphatic and cyclic hydrocarbons, corresponding oxygenated isoprenoid derivatives and analogues that form complex mixtures called essential oils (EOs). EOs are a rich source of biologically active compounds with antibacterial, antifungal, antiviral, insecticidal and antioxidant properties [2a-c] . The antifungal activity of EOs against CA has been described by several authors [3,4a,b] . On the contrary, the activity of EOs against Candida spp. is not so well studied [5] . In this context, EOs as sources of bioactive natural products have been investigated against Candida spp. During recent years, the antioxidant, antimicrobial and anticancer activities of EOs have been reported [6a,b] . In particular, the development of anticancer drug resistance leads to an urgent need for novel treatments. As pointed out recently, natural products from medicinal plants represent a strategy for the development of novel anticancer agents [6a,b] . On this premise, we investigated the cytotoxic activity of mint, thyme, oregano and rosemary EOs against HaCaT and A549 cells, as well as the antifungal and antioxidant capacities.
The chemical profiles of four EOs expressed as the percentage content of the individual components obtained on both polar and non-polar capillary columns are summarized in Table 1 . In Coridothymus capitatus (CC) EO, 21 components were identified. Carvacrol (69.9%) was the most abundant compound, while p-cymene (14.5%), myrcene (2.0%) and (E)-caryophyllene (5.1%) were minor components. Origanum hirtum (OH) and Rosmarinus officinalis (RO) EOs were mainly characterized by -terpinene (24.5% and 35.1%, respectively), p-cymene (16.3% and 19.8%, respectively) and thymol (37.9% and 21.8%, respectively). Finally, in the EO extracted from Mentha suaveolens (MS) piperitenone oxide was overwhelmingly predominant (86.5%).
The antimicrobial activity of EOs against CA, CG, C. krusei (CK) and CT was expressed as the Minimal Inhibitory Concentration mean (MIC M ) and Minimal Fungicidal Concentration mean (MFC M ) values (Table 2) . For all Candida spp., MIC M values were from 760 ± 290 to 3120 ± 0.0 µg/mL, and MFC M from 1020 ± 280 to 3560 ± 1180 µg/mL for all EOs tested. In particular, for CA MIC M and MFC M values were between 760 ± 290 and 1440 ± 330 µg/mL, and 1020 ± 280 to 1440 ± 36 µg/mL, respectively; all values are lower with respect to MIC M and MFC M of other Candida spp., and all EOs showed similar antimicrobial activity. For CG MIC M and MFC M values were from 1330 ± 380 to 3120 ± 0.0 µg/mL and 1560 ± 0.0 to 3560 ± 1180 µg/mL, respectively.
The most active EOs were MS and CC, showing MFC M values of 1560 µg/mL. Similar antimicrobial activities of all EOs were reported for CK and CT (Table 2) . These results pointed out that CA was more sensitive to EOs than other Candida spp., in 1615 accordance with the literature [5] . However, the bioactive concentrations of all these EOs (µg/mL) were also similar to those reported for other EOs similarly characterized by thymol and carvacrol as the main compounds.
This aspect led us to consider thymol and carvacrol as the molecules responsible for the observed antifungal activity. Moreover, it can also be suggested that phytocomplexes containing thymol and carvacrol could reasonably give positive and significant responses in anti-Candida assays [7] . It might also be suggested that the observed variability in sensitivity of both might be due to the different chemical compositions of each EO relative to the minor compounds and to the panel of different microorganism tested. These variations could also be due to a different rate of penetration of the EOs constituents through the cell wall and membranes, which is related to polarity and steric inaccessibility of compounds. In fact, it has been demonstrated that carvacrol exerted its antifungal activity by altering the endoplasmic reticulum, morphology, integrity and functionality [8] . It has been reported that various EOs characterized by thymol as an abundant compound, could trigger the formation of free radicals within microbial cells, which eventually cause serious membrane damage. Therefore, the ability of EOs to disrupt the permeability barrier of the cell membranes, and the consequent free radicals production is the most likely reasons for their lethal action [4a,b] . This difference could be explained by also taking into account that EOs are complex mixtures of different compounds, where only some molecules might exert antimicrobial properties.
The cytotoxic activities of the EOs were assayed using human keratinocyte (HaCaT) and human lung cancer (A549) cells. Cytotoxic effects of the EOs on both cells are reported in Figures 1  and 2 , which show the percentage of growth inhibition versus the Tables 3 and 4 ). The EOs investigated showed different cytotoxic activities according to cell type and time of exposure. In general, HaCaT cells demonstrated a higher sensitivity to treatments than the A549 cell line. The viability was affected between 24 and 48 h, and the trend continued from 48 to 72 h. However, all samples decreased cell viability in a concentration-dependent manner on both cell lines, except the RO EO that did not exhibit cytotoxicity (Figures 1 and 2) . Among all EOs studied, that of MS exhibited the strongest cytotoxicity on both cell lines, in particular against HaCaT cells with IC 50 values ranging from 35.7 ± 4.8 to 25.7 ± 1.0 (Tables  3 and 4 ). These IC 50 values fall within the American National Cancer Institute criteria which maintain that a phytocomplex's cytotoxic activity is considered significant when the IC 50 is < 30 μg/mL [9] . However, according to published guidelines, CC and OH may be potentially harmful since they showed IC 50 values ranging between 100 and 1000 µg/mL [10] . Until now, related literature reports that sesquiterpene rich phytocomplexes can exert in vitro antitumor activity. In particular, carvacrol has been checked for its anticancer capacity [11] . On the other hand, literature reports that the activity of the main components of EOs is modulated by other minor molecules. This synergistic assumption can explain the low cytotoxic activity CC EO in spite of the abundance of carvacrol, known for its activity against different cancer cell lines [6]. Antioxidant activity of EOs was determined by DPPH · (1,1diphenyl-2-picrylhydrazyl) and ABTS ·+ (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) spectrophotometric assays (Table 5 ). To detect the activity of individual components of each EO, an (HP)TLC-bioautography with DPPH · and ABTS ·+ radicals as detection reagents was carried out. None of the EOs investigated showed antioxidant activity by DPPH · test. The ABTS ·+ assay, however, showed strong antioxidant activity for all EOs investigated, expect for that of MS (Table 5 ). These differences between the results are in agreement with a previous study [12a,b] . Furthermore, the different sensitivity between the methods can be due to the mechanism of the involved reaction or to the stereo selectivity of the radicals [12a,b;13a-c]. Among the EOs tested, the ABTS ·+ radical scavenging activity decreased in the following order: CC > OH > RO > MS (Table 5 ). DPPH · -and ABTS ·+ (HP)TLC-bioautographic assays showed that carvacrol (Rf 0.43) for CC EO and thymol (Rf 0.54), and both OH and RO EOs possessed antioxidant capacities, in accordance with the literature [13a-c]. 
GC-MS analysis:
Analyses were performed on a gas chromatograph HP 5890 II plus equipped with a split-splitless injector maintained at 260°C. The samples were diluted in n-hexane (1:100) and injected (1 L) in the split mode (1:50 split ratio). The non-polar column was a Restek Rxi-5Sil MS fused silica capillary column (30 m x 0.25 mm ID, stationary phase, film thickness 0.25 m, Crossbond ® similar to 95% diphenyl/5% dimethyl polysiloxane). The carrier gas was helium at 49 kPa (F=1.0 mL/min). The oven chromatograph temperature was programmed from 50°C (held for 5 min) to 200°C at 5°C/min. The polar column was a Restek Stabilwax ® fused silica capillary column (60 m x 0.25 mm ID, stationary phase film thickness 0.25 m, Crossbond ® Carbowax ® polyethylene glycol). Helium pressure was set at 196 kPa (F=1.9 mL/min). The oven chromatograph temperature was programmed from 50°C (held for 5 min) to 260°C at 5°C/min. The final temperature was held for a further 10 min. The GC was interfaced with a quadrupole mass spectrometer HP 5971 MSD. Compounds were identified by matching their mass spectra and retention indexes obtained on both non-polar and polar capillary columns with those reported in the literature [14a,b] .
GC-FID analysis:
Analyses were carried out with a Perkin Elmer model AutoSystem apparatus, equipped with a FID detector and a Restek Rxi ® -5Sil MS fused silica capillary column (30 m x 0.25 mm ID, stationary phase film thickness 0.25 m, Crossbond ® similar to 95% diphenyl/5% dimethyl polysiloxane). The carrier gas was helium at 116 kPa (F=1.6 mL/min), and the injector and the detector were set to 260°C. The samples were diluted in n-hexane (1:100) and injected (1 L) in the split mode (1:50 split ratio). The oven chromatograph temperature was programmed from 50°C (held for 5 min) to 200°C at 5°C/min.
Antimicrobial activity:
The antimicrobial activity of the EOs was evaluated by a microbroth dilution method according to the National Committee for Clinical Laboratory Standards (NCCLS), as previously described [14a,b; 15] . EOs were tested against a panel of 26 microorganisms, including 15 CA (13 clinical isolates, and 2 ATCC 24433 and ATCC 10231 strains), 7 clinical isolates of CG, 2 clinical isolates of CK and 2 CT. Fungal strains were cultured in Sabouraud dextrose agar (SDA) at 30-37°C with aeration for 24 h.
To determine the MFC, plates were seeded with 10 μL cell suspensions taken from the wells of the MIC assay plates where cell growth was not observed. These plates were incubated at 30°C for 48 h and colony forming units (CFU) growth was evaluated.
Cytotoxicity test:
HaCaT and A549 cell lines were grown in DMEM medium (4.5 g/L glucose for HaCaT) supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin/streptomycin, and 2 mM L-glutamine, in a 5% CO 2 environment at 37°C. Cell viability was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test [16] . Cells were seeded in 96 well plates in complete medium and, after 24 h, they were exposed to different concentrations (from 10 to 200 µg/mL) of EOs. After 24, 48 and 72 h, 20 µL of MTT (5 mg/mL in PBS) were added to each well and the plates were incubated for 4 h at 37°C. The medium was removed and replaced with 150 µL DMSO. The absorbance at 570 nm was measured. 
